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Abstract: This contribution describes the design of a printed reflectarray antenna to operate at 19.7 and 


20.5 GHz with independent beams in H and V polarizations. A dual-frequency dual-polarization reflectarray 


cell, made of two stacked sets of parallel dipoles for each polarization, 1s proposed. The dipole lengths are 


adjusted to produce the required phase-shift at each frequency and each polarization. A 1.6-m reflectarray 


has been designed to produce two closely spaced beams in H and V polarizations. The simulated radiation 
patterns show a gain of 48.3 dBi at 19.7 GHz and 50.7 dBi at 29.5 GHz, with side-lobe levels close to -23 
dB and low cross-polar radiation. 
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INTRODUCTION 





Reflectarray antennas provide high values of gain, radiation 
efficiency, independent beams for each polarization, etc. 
Bandwidth is the most severe limitation. 


In the last years, reflectarrays have been also proposed for multi- 
frequency operation, using a single layer or stacked layers. 
Application to multi-spot beam satellite antennas in Ka-band, with 


frequency and polarization reuse: conventional reflectors cannot 
provide closely soaced beams, and 4 antennas are used. 
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OBJECTIVES 





> Using reflectarrays, each feed can generate 2 beams 
discriminating in polarization (p1, p2) and/or 2 beams 
discriminating in frequency (f1, f2). 


> Objectives: 


e To design a dual-frequency dual- 
polarization reflectarray cell. 


. To design a reflectarray antenna 
demonstrator with independent 
beams in K (20 GHz, Tx) and Ka 
(30 GHz, Rx) bands . 


> Advantages: 
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. Reduction in the number of 
antennas. 


e Low-cost and ease of integration. 








> Two-layer reflectarray cell, with 
two orthogonal sets of parallel 
dipoles. 


> There are 8 dipoles for each 
linear polarization (5+3). 

> The period is P,= Py= 6.5 mm 
(0.67:À at 30 GHz) to avoid the 
appearance of grating lobes. 

» Dielectric layers: 

= Layer A: h, = 1.5 mm, ¢= 
2.17, tand = 0.002. 


= [ayer B: hh 2 1 mm, ej» 2.17, 
tano = 0.002. 
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İnş =0.65*/13, lao = 0.8" lag, 
la = 0.65 Ас, дә = 0.8106 
le, = 0.8*lao, lgs = 0.8" l4 
Syn = Sva = 0.5 mm, Syg = Syg = 1 mm 
w = 0.25 mm 
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PHASE RESPONSE (I) 





Objectives: smooth response and wide phase range (>3609). 


Amplitude and phase curves calculated respect to the central dipole 
length, for each polarization and frequency band. 


Variations with angle of incidence, lengths of parallel dipoles on 
contiguous layer, etc. Orthogonal dipoles are practically uncoupled. 
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PHASE RESPONSE (II) 





> Slight variations with the angle of incidence at TX & RX frequencies. 


H-polarization 
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Variations due to parallel dipoles on contiguous layers. 


Design of layer A at 19.7 GHz can be done independently from layer B, 
but this is not exactly true for layer B at 29.5 GHz respect to layer A. 


Improvement: multi-frequency optimization, once the design is 
completed, for each frequency band. 


Phase variation at 19.7 GHz Phase variation at 29.5 GHz 


Phase H-pol. (deg.) | 1 Phase H-pol. (deg.) 


3.8 





5.8 6 6.2 
|, ¿ [mm] |, ¿ [mm] 





DEMONSTRATOR DEFINITION 





Demonstrator size: 162.5-cm diameter 
circular reflectarray to provide >47 dBi 
gain at both frequency bands. 


Cell period: 6.5 x 6.5 mm, to avoid the 
appearance of grating lobes for angles 
up to 35°. 

The beam radiates with 10° respect to Z- 


axis for H polarization, and 10.5? for V 
polarization, at both design frequencies. 


The feed-horn is placed at coordinates 
(-30, 0, 100) cm, and the radiated field is 
modeled by cos?(0) function, with q= 6 at 
20 GHz, and q= 8 at 30 GHz. 


The edge illumination level is around -16 


dB at 19.7 GHz, and -18 dB at 29.5 GHz. 
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Beam pointing direction: 
H-pol: 6, = 10%, q, = 0° 
V-pol: 6, — 10.5”, q, = 0° 





> Required phase-shift distributions are obtained for each polarization and 
frequency to generate the beams in the specified directions. 


Required phase- —” Ы ә Х) 
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> Higher dipoles will be shorter than lower dipoles, 
so they will not disturb the phase response of 
lower dipoles at 19.7 GHz, while lower dipoles 
will behave as a ground plane at 29.5 GHZ. 


> The design can be independently run, element 
by element, for each polarization and frequency: 


=" 19.7 GHz: lengths /4, to fas will control the 
phase for H-pol., while /,, to lag will control 
the phase for V-pol. 

"= 29.5 GHz: lengths k, and k» will control the 
phase for H-pol., while /¿z and /,, will control 
the phase for V-pol. 
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> Software analysis routine based on the Method of Moments in the Spectral 
Domain (SD-MoM) and local periodicity approach. 


> Iterative process in which the real angle of incidence on each element is taken 
into account to obtain the module and phase of the reflection coefficient. 


> Fast calculation tool, whose accuracy has been previously validated by 
manufacturing and measurement of a reflectarray prototype with cells also 
made of coupled parallel dipoles for each polarization’. 


11.3 ОН2 0 = 16.99, 
-.- 12.6 GHz 0 - 16.9%, 
---14.0 GHz 0 » 16.9%, 6 = 

11.3 GHz 6 = 0, 

+ 12.6 GHz 6 = 0, 
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BR SIMULATION RESULTS (I) 





> Radiation patterns at 19.7 GHz for H and V polarizations: 
- Gain: 48.3 dBi. 


- side-lobe level: -30 dB. 5. 
-  Cross-polar level: -27 dB. efficiency: 66 7o 
- Beam width: 0.68°. 
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mm SIMULATION RESULTS (II) 





> Radiation patterns at 29.5 GHz for H and V polarizations: 
- Gain: 50.7 dBi. 


Side-lobe level: -25 dB. ee 
-  Cross-polar level: -25.5 dB. efficiency: 48% 


- Beam width: 0.552. 
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m BANDWIDTH IMPROVEMENT 


POLITÉCNICA 





> The bandwidth centered at 19.7 GHz Is around 0.8 GHz with a 
gain variation less than 1.2 dB, and 0.6 GHz bandwidth is reached 
at 29.5 GHz with the same gain variation. 


> Once the design is completed, a further optimization can be run, in 
which the dimensions of all dipoles are optimized element-by- 
element to simultaneously match the phases at the central and 
extreme frequencies in K and Ka bands*. 


> [he optimization can be separately run for horizontal and vertical 
dipoles, since the phase response is practically uncoupled in the 
two polarizations H and V. 


? J. A. Encinar, M. Arrebola, L. F. de la Fuente, and G. Toso, “A transmit—receive reflectarray antenna for direct broadcast 
satellite applications,” IEEE Transactions on Antennas & Propagation, vol. 59, no. 9, pp. 3255—3264, Sep. 2011. 





D CONCLUSIONS 
POLITÉCNICA 





> A162.5-cm reflectarray antenna has been designed to operate in 
dual polarization at 19.7 and 29.5 GHz, which are TX/RX 
frequencies of multi-spot satellite antennas in Ka band. 


» [he proposed reflectarray element based on orthogonal sets of 
parallel dipoles provides dual-frequency and dual-polarization 
operation: independent control of each polarization and frequency. 


> The results show the potential of reflectarray technology for multi- 
frequency operation, as an alternative for space antennas in 
satellite systems working in Ka band for TX/RX. 
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